Introduction
The Northern Wetlands Study (NOWES) is a multiyear program with the overall objective to assess the importance of northern wetlands as sources of biogenic gases to the atmosphere under current and future climate scenarios. The study and its objectives are described in detail by Roulet et al 
. [this issue].
The mean atmospheric concentration of methane has increased twofold over the past several hundred years and is estimated to be currently increasing at a rate of approximately 0.8% yr -1 [Cicerone, 1988; Crutzen, 1991] . Recently published estimates of the global input indicates that northern wetlands are one of the larger natural sources of atmospheric methane [Aselmann and Crutzen, 1989; Fung et al., 1991] . These estimates have primarily been derived from measurements of small isolated wetlands using discrete enclosure methods. Little is known of the methane emissions from the large expansive wetlands of northern North America, Europe, and Asia.
The quantification of the methane emission from these areas is a challenging task. Enclosures can be used to characterize the flux from individual wetland types at discrete points in time throughout the year [Moore et al., this issue], and these measurements can be spatially extrapolated using some form of ecosystem characterization by remote sensing [Roulet et al., this issue]. However, the spatial average from the method is inferred through modeling and therefore is not an actual measured spatial average. In addition, this method can only resolve very coarse changes in gas flux which translates to measureable concentration changes that are only appreciable over time periods of weeks and therefore can only examine the relationship between the environmental controls on trace gas exchange on the time scale of seasons.
There is a need for high time resolution flux measurements that integrate over an area larger than that of a chamber but Copyright 1994 by the American Geophysical Union.
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0148-0227/94/93 JD-02368505.00 an area smaller than that measured by an aircraft [Ritter et al., this issue] so the dynamic response of individual or several ecosystems can be examined. Micrometeorological approaches to flux measurement are ideal to examine the mesoscale exchange of trace gases. For methane these approaches have been limited by the precision and response time of available methane sensor technologies. For example, gas chromatography (GC) requires at least 30-s integration time and therefore is not appropriate for eddy correlation. As well, GCs do not have sufficient precision or accuracy to resolve gradients of a few parts per billion by volume (ppbv) which are typical over the bogs that are reported here. There have been eddy correlation studies that have used a flame ionization detector (FID) but a FID measure total hydrocarbon and not just methane. In some situations the nonmethane hydrocarbons can make up a significant component of the hydrocarbon flux [Klinger et al., this issue] . Hence for the tower methane flux measurements an eddy correlation approach was used and methane was measured using a new methane sensor based on tunable diode laser (TDL) spectroscopy, developed at the University of Guelph.
The objective of this paper is to discuss the component of NOWES which involved tower-based measurements of methane exchange. These measurements were taken over a raised bog near Kinosheo Lake on the Hudson Bay lowlands (HBL) during the 1990 summer intensive (i.e., June 25 to July 28). The laser system is described followed by the presentation of the flux measurements.
Site Description
The site was located approximately 100 km northwest of Moosonee, Ontario, at latitude 51ø33'N and longitude 
Eddy Correlation Technique
Micrometeorological techniques used for the measurement of trace gas exchange between the atmosphere and the Earth offer several advantages. Eddy correlation when standard micrometeorological criteria are met [Hicks et al., 1989] will provide absolute evaluations of vertical fluxes in natural environments without making assumptions associated with diffusivities or the nature of the surface cover. In addition, the exchange rate measured represents a spatially integrated flux and the technique is unobtrusive, therefore not disturbing the environment under study. The micrometeorological technique of eddy correlation has been applied to measurement of the fluxes of heat, momentum, and water vapor for over 30 years [Chamberlain, 1961] . The technique requires that sensitive and fast response instrumentation be colocated 
TDL Methane Sensor
The technique of tunable diode laser absorption spectroscopy has been applied to the detection of trace gases in the atmosphere for over a decade [Reid et al., 1978a, b; Schiff et al., 1983 Schiff et al., , 1987 . The value of the technique lies in the fact that it couples the advantage of high sensitivity, of the order of a few parts per billion by volume or better, with highly selective detection of any one of a wide range of trace gas species such as CH4, N20, CO2, NH3, CO, and NO2.
TDL absorption spectroscopy has also been successfully applied to the measurement of the fluxes of trace atmospheric gases [Edwards et al., 1982 [Edwards et al., , 1984 [Edwards et al., , 1985 [Edwards et al., , 1987 
Results and Discussion
The TDL methane sensor facilitated the continuous measurement of the methane exchange between the atmosphere and the bog at the Kinosheo Lake tower site during the summer 1990 intensive study. Data retrieval were disturbed only during times when laser calibration and LN• filling (i.e., 10 rain) were carried out or during power failure and severe weather events. Approximately 900 haft-hour average methane flux measurements were obtained.
Data were selected out of the larger set based on defined wind-direction windows for acceptable data and when wind speeds were less than 1 m s-1 resulting in a reduced data set for analysis of 538 half-hour average methane flux measurements. These were sufficient data to construct diurnal and temporal trends and a statistically reliable average flux rate.
Average Emission
The overall average emission, using all data (i.e., 538 half-hour averages), was calculated to be 0. , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
Diurnal Trend Analysis
The diurnal trend was constructed by selecting half-hour bin intervals over 24 hours and averaging all points in each of the 48 bins. Bin populations were not entirely uniform, possibly introducing some bias. To compensate, smoothing techniques were applied to the diurnal trend after it was constructed. This involved applying a running three point weighted average to the data with the center weight set to 0.5. Figure 2 presents -2 d-l) . The emission of methane from the surface is controlled by many parameters and processes controlling its production and emission. These include meteorological (i.e., emission footprint, turbulent processes, etc.), ecosystem structure, temperature, and pH [Andreae and Schimel, 1989 ]. Many of these parameters, for example, temperature at depth in the peat, would display only small variation over the diurnal period. The observed weak diurnal trend is likely related to small changes in these controlling processes over the same period.
The biogenic production of methane results in significant storage of methane in the upper layers of the bog. Early into the experiment this was evidenced during tower anchor work. 
Temporal Trend in Fluxes During the Experimental Period
The temporal trend was determined by calculating the daily average methane flux using all data. Where there were insufficient data, a daily average was not calculated. To account for slight variation in the number of points available to construct the daily average, the temporal trend was digitally smoothed by the same method applied to the diurnal trend described above. 
